Virtual reality may relieve pain in patients with spinal cord injury WHAT IS BODY OWNERSHIP? Body ownership is the ongoing feeling that our body and body parts belong to us, and are related to us in a different way than things in the external world. This sense of body ownership may seem trivial to us, yet our brain needs to connect sensory inputs (e.g., touch, pain, and visual information), internal inputs (from our body's internal milieu), and higher cognitive inputs like memories of our body in different events to generate the sense of ownership. For instance, hand ownership is generated by the visual input we get from our eyes that tracks its location, sensory input on its posture (known as proprioception), and the touch of the table that we lean on, as well as our sense of familiarity with our hand and our memories of the hand along our personal history.
What happens when the brain mechanism that creates body ownership fails? In such a state, the brain fails to recognize one's own body (or body part). In this condition, patients often think that their own hand belongs to a visitor or caregiver, or refer to their own hand as an object that is somehow found in their bed, rather than recognizing it as their own hand. This condition often results from a stroke in the right half of the brain. Not only damage to the brain but also damage to the spinal cord or nerves in the body can cause changes in body ownership. Changes in sensory input to the brain can lead to changes in those parts of the brain. 1 This may further affect body ownership. For example, an arm amputation can result in changes in the brain. Those brain areas previously devoted to the hand may be reassigned to the face. In some cases, these changes lead to chronic pain or other altered sensations in the affected or adjacent body parts.
WHAT IS A BODY ILLUSION? Disturbances of brain, spine, or nerves may affect body ownership in patients. Can we cause such disturbances in healthy people? Studies have shown that body ownership can be manipulated to create different illusions regarding the body and its parts. A famous one is the rubber hand illusion. 2 In this illusion, a person sits in front of a table and sees a rubber hand instead of his or her own hand (i.e., hidden below the table or behind a curtain). An experimenter strokes the person's hidden hand and the rubber hand at the same time with a small paintbrush. The person sees the rubber hand touched, but feels the touch on his or her real hand. After a while, the person feels as if the rubber hand is his or her own hand; that is, he or she gains ownership of the rubber hand. Studies have shown similar illusions with other body parts (face, nose, leg) and even of the entire body. The illusion is so powerful that brain scans show that areas involved in body ownership are changed while the person comes to believe the rubber hand is actually his or her own hand. 3 In light of these findings, we may ask whether it is possible to use body illusions to help people who have problems involving body ownership. Specifically, is it possible to alter disturbing sensations in patients, like pain, by alterations of body ownership through illusions? These are the questions addressed by Pozeg et al. 4 in their study.
HOW WAS THE STUDY DONE? Pozeg et al. tried to modify pain and sensations by modification of body ownership in patients with spinal cord injury. The spinal cord is the main pathway for information connecting the brain and the nerves in the body. Spinal cord injury can cause permanent loss of sensation and movement. The authors used virtual reality (VR) to induce a virtual leg illusion in these patients. Patients sat in their wheelchairs wearing special VR glasses. A computer projected images to the glasses that created a virtual world for the patients. Patients saw a virtual leg, superimposed over their own physical legs. The leg was seen as stroked repetitively in a virtual world, while patients' own legs were stroked at the same time. Because the spinal cord injury prevented patients from feeling touch in their legs, the stroking was applied on the back rather than the legs where sensation remained intact. The authors thought that this illusion of leg ownership might help relieve chronic pain.
WHAT WERE THE RESULTS?
The results showed that the leg ownership illusion reduced pain level in patients with spinal cord injury. This effect was seen only when the virtual leg and the patients' back were stroked at the same time, with the virtual legs superimposed on the patients' legs. This suggested that the effect was related to body ownership. Both patients and healthy volunteers related the sensory stimulation (in their back) to the visual stimulation (on the leg), as well as a feeling of ownership of the virtual leg. Interestingly, the illusion was weaker in patients than in healthy participants.
WHY IS THIS IMPORTANT?
The use of body illusions for pain reduction has a great potential. Our experience with VR as a therapy is just beginning. Advances in technology make implementation of these illusions possible for daily use in various patients. Fascinating and promising as these results are, pain relief in this study was mild. More experiments are needed with new technology before we apply VR in routine clinical practice for this and other neurologic problems. 
